Summary. The effect of calcium infusion on the intravenous glucose tolerance was tested in hypocalcaemic patients suffering from renal insufficiency. It was shown that the delayed glucose disappearance rate in uraemics could be improved (p < 0.005) by the infusion of calcium gluconolaetobionate despite the fact that the serum concentrations of potassium, urea nitrogen, and the blood pH were not altered. The basal insulin concentration was significantly depressed by the calcium infusion (p < 0.02). The serum calcium concentration was significantly correlated to the glucose assimilation coefficient ha the uraemie patients (p < 0.01). --3 hypocalcaemie patients without renal failure had a normal glucose tolerance and a normalization of the serum calcium concentration had no discernable effect. --A slight but significant decrease of the serum calcium concentration (p < 0.01) by EDTA-Na2 in normocaleaemic patients did not change the intravenous glucose tolerance. --It is concluded that hypoealcaemia may be one of the causes for the abnormal glucose tolerance in chronic renal failure.
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It has been long established that patients Suffering from chronic renal failure may develop impaired carbohydrate tolerance [13] . I-Iowever, the cause of this metabolic disturbance is not fully elucidated. On one hand, it has been suggested that delayed insulin release contributes to the abnormal glucose tolerance found in the uraemic state [17] . On the other hand, the suggestion was put forward that decreased sensitivity of the tissues to insulin action accounts for the delayed glucose disappearance in azotaemia [14, 20, 2, 10, 11, 18] . The exact mechanism of this decreased sensitivity to insulin in uraemia remained, however, speculative.
The uraemic state is frequently accompanied by decreased serum calcium levels. Furthermore, calcium ions have been found to trigger the glucose-induced release of insulin from the pancreatic fl-cell [8, 12] . Therefore, it seems conceivable that hypocalcaemia inhibits the glucose induced release of insulin from the pancreas in vivo and may account for the decreased glucose tolerance in uraemic patients.
In order to investigate the mechanism of the interaction between serum calcium concentration and glucose tolerance, calcium and insulin concentrations were measured during intravenous glucose tolerance tests in uraemic and normal paMents.
Materials and Methods

Selection of Patients
Three groups of hospitalized patients of both sexes, aged between 23 and 76 years, underwent two intravenous glucose tolerance tests performed in the morning after an overnight-fast of 14 h. The glucose tolerance tests were conducted on two consecutive days during an infusion of either saline or drug (see below).
The first group (Table 1 A) consisted of 7 patients
suffering from chronic renal failure with consistently subnormal serum calcium levels and with elevation of blood urea nitrogen in 6 cases. The patients were on a normocaloric diet poor in protein.
30 rain before the beginning of the glucose tolerance test either an infusion of saline solution or one of Calcium "Sandoz ''~, 10% (Calcium glnconolactobionate, 13.75 g/100 ml aq. bidest.) was given at an infusion rate of 2 ml/min using a motor pump. During the glucose tolerance test the infusion of saline or calcium was maintained at a rate of 0.2 ml/min. Calcium gluconolactobionate was prefered to calcium chloride because of the irritating effect of the latter to veins and its acidifying action [19] . To exclude an effect of the glueonolaetobionate salt of calcium on blood glucose concentration, the blood glucose was determined immediately before and 30 rain after the beginning of the calcium infusion, i. e. at the start of the glucose tolerance test. There was no difference between the blood glucose concentrations before and after the infusion of calcium gluconolaetobionate (Blood glucose, mg/100 ml, average value -t-SEM of the 7 nephropathie patients at the start of the infnsion: 79 ~= 6; 30 min later: 76 • 4; t = 1.45, p > 0.1).
The second group (Table 1 B) comprised of 3 patients with low serum calcium due to other causes than renal insufficiency. They were on a normal diet.
The experimental procedures were exactly the same as for the first group.
The third group (Table 1 C) consisted of 6 normocalcaemic patients without any history of renal disease. These patients were also on a normal diet. 60 rain before the beginning of the glucose toler- Table 1 .
Effect of calcium infusion on the disappearance rate of intravenously administered glucose (It-value)
A) Hypocalcemic patients with renal insufficiency and BE (base excess) were determined at the beginning of each experiment Vet. 9, No. 6, 1973 ance test they received an infusion of saline one wi~h and one without 0.5%(w/v) EDTA-Na~ at an infusion rate of 5 ml/min. During the glucose tolerance test the infusion was maintained at 1 ml/min. Frankfurt a.M., G.F.R.) .
Chemical Determinations
Glucose assimilation coefficient k-" value" : According to Conard [3] .
The statistical examinations were performed using Student's t-test of the significance of a single mean.
Results
A ) Hypoealcaemic Patients with _Renal Insufficiency
Calcium infusion led to an elevation of the previously low serum calcium levels ( Table 1 A) . This increase of serum calcium was paralleled by a signifi- 
Serum potassium (K):
The serum potassium concentration was determined by flame photometer (Evans Electroselenium Ltd., tIalstead, England) at 10 and 35 min after the intravenous injection of glucose. The average value of these two levels is indicated in Table 1 . Any significant difference between the serum potassium concentrations at 10 and 35 min after the injection of glucose was excluded by Student's t-test for all groups of glucose tolerance tests.
Serum calcium (Ca):
The serum calcium concentration was estimated using the complexometric method of Gibitz [6] at 10 and 35 rain after the glucose injection. The average value of these two levels is indicated in Table 1 . Also here, significant differences between the 10 and 35 rain level was excluded for all groups of glucose tolerance tests.
Urea nitrogen (BUN):
Blood urea nitrogen was determined at the beginning of the infusion (see above), i. e. 30 or 60 min before the glucose injection by means of the urease method [5] using an autoanalyzer (Technicon). Serum calcium, meq/I Fig. 1 . Correlation between the serum ca]cinm level and the corresponding glucose assimilation coefficient (kvalue) in patients suffering from chronic renal insufficiency (see Table 1 A) cant improvement in the delayed glucose disappearance rate (k-value). The serum levels of potassium, urea nitrogen, and the base excess in blood did not change between the two glucose tolerance tests performed during saline or calcium infusions. A significant H.-5. Lisch et al. : Serum Calcium Concentration and Glucose Tolerance Diabetologia correlation was found between the serum calcium levels and the corresponding k-values in patients with renal failure (Fig. 1) . Table 2 shows the individual insulin concentration values 30 min before and 0, 2, 5, 10, 15, 20, 25, 30, and 35 min after the beginning of the glucose tolerance tests during saline or calcium infusion. There was no significant difference of the serum insulin levels between the group treated with saline and the group receiving calcium infusion. However, a small but significant decrease of the serum insulin concentration was noted in the calcium treated group between the --30 and the 0 min values.
Serum insulin:
B) Hypocalcaemie Patients without Renal Insufficiency
The effect of calcium infusion on the glucose disappearance rate in hypocalcaemie patients suffering from hypoparathyroidism and malabsorption is shown in Table i B. In these 3 hypocalcaemic cases the glucose disappearance rate was normal. This was not changed when the serum calcium concentration was normalized by calcium infusion. There was no correlation between calcium concentration and k-value in these patients (r = 0.071; p > 0.1).
U) ~ormocalcaemic Patients
EDTA-Na~ infusion lowered the serum calcium concentration of 6 normoealcaemic patients slightly from ~ 4.78 to 4.14 meq/1 ( Table 1 C) . However, the glucose disappearance rate was not changed significantly by this procedure. There was no correlation between the serum calcium concentration and the corresponding k-value in the 6 patients (r = -0.512; 0.10 ~ p > 0.05).
Discussion
In hypocalcaemic patients suffering from renal insufficiency a significant improvement of the delayed glucose disappearance rate by an intravenous calcium infusion was demonstrated, despite the fact that the concentrations of potassium, urea nitrogen, and the blood pit were not altered. Furthermore, a highly significant correlation could be shown between the serum calcium level and the k-value in these patients. The insulin concentrations during the intravenous glucose tolerance test did not differ between the saline infused and the calcium infused group. However, the calcium infusion reduced the basal insulin concentration in the uraemic patients. Our findings could be interpreted as a facilitation of the peripheral action of insulin on the glucose uptake and/or as an improvement of the permeability of the cells for glucose by calcium, The reports on a reduced peripheral utilization of glucose in uraemic patients [14, 20, 2, 10, 11, 18] were confirmed by our observations. It is possible that correction of hypocalcaemia in patients suffering from renal insufficiency may improve some aspect of renal function and facilitate excretion of an insulin antagonist. This antagonist could be urea [11] , in spite of the fact that urea concentration did not change during our experiments. Of course, many other antagonists to insulin action may play a role in renal insufficiency [18] . The lack of calcium effect in normal as well as hypocalcaemic patients without renal failure supports this hypothesis. The decrease of basal insulin concentration during infusion of calcium might be regarded as a result of facilitation of glucose transport into the cell in azotaemie patients.
The facilitation of the peripheral glucose uptake by calcium cannot be easily explained. It has been shown that in isolated fat cells, the addition of calcium chloride to the medium resulted in an enhancement of the binding of insulin to the fat cell membrane [4] . However, it has also been shown that adipose tissue involves only 5~ of basal or insulin-stimulated glucose metabolism [15] . Supportive evidence for our interpretation that calcium ions facilitate the cellular glucose uptake was presented by Gould and Chaudry [7] in the isolated rat soleus muscle. In calciummagnesium-free media, basal glucose uptake was markedly depressed, but could be restored to near normal by the addition of calcium chloride.
In contrast to patients with renal insufficiency, persons with hypocalcaemia due to other causes (hypoparathyroidism, malabsorption) exhibited no glucose intolerance. When the serum calcium level was increased by calcium infusion, no remarkable change of the k-value was noted. This suggests that hypocalcaemia can be considered as a causative factor for abnormal glucose tolerance only in uraemic patients.
In normocalcaemie patients, a slight but significant decrease of the serum calcium concentration was achieved by EDTA-Na~ infusion. This was without influence on the glucose disappearance rate, but it must be noted that the decrease of the calcium concentration in these individuals was small.
In summary, our results yield evidence for the participation of hypocalcaemia as a causative factor for the abnormal glucose tolerance in uraemic patients.
